Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/GB05/000233 
International filing date: 24 January 2005 (24.01.2005) 



Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0401999.8 

Filing date: 30 January 2004 (30.01.2004) 



Date of receipt at the International Bureau: 02 March 2005 (02.03.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




\ 



oe&ce 



CD 



I 



UsTVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in comiection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC, 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




30~JfiN-2004 16 5 29 FROM MRRKS & CLBRK 



TO kaatj^soo 




Patents Form 1/77 



tents Act 1977 
ule 16} 



THE PATENT OFFICE 

3 0 JAN 2004 
Request for grai ^^^5G£ |MkgY FAX 



(See ihe notes on ihe badk «> this form. You can also g^t 
an expianaiory leaflet ftom tte PatsntOniceto help you fill 
in Btisfbnn) 



1. Your reference 



<3BP290070 



2. Patent application number 

(ThQ Patent OSBos (Mill HI in this part) 

3. Full neime, address and postcode of the or of 

each applicant (undBrBne sii ^umamas} 



The 

Patent 
Office 



02FE804 E869464-2 010176 

PCil/7700 0.00-0401999.3 ffiCQUHT CHA 



3o JAN 



2004 



TheSPaientOfiTice 

CanlifFRoad 
Newport 



0401999.8 



Cambfridge Ksplay Technology Limited, 

Greenwich House 

MadingteyRise 

MadingleyRoad 
Quttbridge 

Cambridgeshire CBS OTX 
Uziited Kiagdom 



patents ADP oUTYlter (if y«u know 

if rhe applicant i$ a corporate bod]/, ^ive the 
couniry/9tet^ of jt$ Incorporation 



United Kingdom 



4. Titl0 of the invention 



Display Device 



5. Name of your agent (if you hav& 6fi&) 

"Address for service" in the United Kingdom 
to which all ooiraspondence ^^lould t)e $€nt 
(inoiMi^'ris the posloode) 

Patents ADP numbor (if ycu know 10 



Marks & Clerjk 
€6-68 Hills Road 

Cambridge 
CB2 1LA 

mat 



/ 



e. Priorify: Comply thte section if you are 
deolan'ng pdoriiy from one or more earlier 
patent applicatlon$, filed fn the last 12 
months 



Counliy 



(ifyqtfknciwlt) 



Date of filing 
((^/ month /year) 



7. Divisionate, etc: Complete; this seutlon 
pniy if this application is a divisional, 
application or rasuilad from an 
eniiiii&ment dispute 



Niunbdr of sariier 9ppliQ$i;orT 



Dateoflilino 



8. is a Patents Form 7/77 (Statement of Inventorship and of right to grant of a patent) 

rectuin&d In support of this request? 

{Answer 'Ves* if; 

a) any appfjcanl nam^c* in part 3 Is not an invsfttar. or 

b) tSiere Is an inventor who is not nanrjed a$ i^n ^pplicdDti or 

c) any named applicant is a «9rt9C<3<$ &<7dly. 
dee not« (d)) 



Yes 



30-JflN-2004 16S29 FROM MARKS & O-ERK TO 01633814444 P. 04 

P^lents Form 1/77 ^ 

_J^&. Accompanying dasunrisnls: A paiBnt a^^^ 

jfliP a description of the tnveation. Not counling duplicate, plea&g 
^ entf^r the number of pages of each item acoompanyins thlsf form: 



Continuation sheets of this form 

Description 
Claim{s} 
Abstract 
Dr9Wing(s) 





lO.lf you are also filing any of the following, 
state how many against &^Qh item. 

Pn'on'ty document? 

Translations of priority documents 

Statement of inventorship and nght i 
to grant of a patent (Patents Form 7/77^ 

Request for pnsliminary e^minatiort 
and search (Patents Fomn e/77) 

Request for eubstaniive examination 

(Patents Form iO/TT) 

Any other documents 
(please specify) 




^ 1 ■ WWe request the grant of a patent on the basis oF thfe application. 

SIgnaturefs) (^OkT^?* ^ €X©rKL Date: 30JaiiuaiyM04 

12, Name and daytime telephone number of Cambridge Offic© 

person to contact In the United Kingdom 01223 345520 



30-JfiN-2004 16:29 FROM MARKS & CLERK 



TO 01633B14444 



P. 05 




DUPLICATE 



M&C Folio: GBP290070 



Display Device 



This iz^vention relates to improved orgamc light emitting diode (QLED) display devioes, 
and in particular to increased efficdency colour display devices. 

Qrsanic light emitting diodes (OLEDs) conoprise a particularly advantageous fenn of 
electro-optic display. They are bright, colomfUI, fast-isndtdhing, provide a wide viewing 
angle and are easy and cheap to fabricate on a variety of substrates. Organic LBDs may 
be fabricated using either polymers or small moleoiil^ in a range of colours (or in 
mnlti-coloured displays), depending upon the mat^als nsed* Examples of poljmer^ 
based organic LEDs are described in WO 90A3148, WO 95/06400 and WO 99/48160; 
examples of so called small molecule based devices are described in US 4«S39,507. 

Abasic stnicture 100 of atypical organic LED is shown in Figure L A glass or plastic 
substrate 102 supports a traiisparent anode layer 104 comprising^ f^r example^ indinm 
dn oxide (ITO) on whidh is d^osited a hole transport layer 106,;an electrolu^ 
layer 108, and a cathode 110. The electroiuminescent layer I OS may comprise^ for 
sxamptej PPV (polyCp-pbenylenevinylexie)) and the hole transport layer 106, which 
helps match the hole energy levels of die anode layer 104 and electtolimam^ent layer 
1 08, may comprise, for example^ PEDOT:PSS (polystyrene-sulphonate-doped 
polyetJiylene-dioxythioph^e), Cathode layer 110 typically comprises a low work 
ilmdion metal such as calcinm and may include an additioi^ layeaPn such as a layer of 
atuminiuniu Contact wires 114 and 116 to the anode the cathode respectively provide a 
connection to a power source 118. The same basic structure may also be employed for 
small molecule devices. 

M the exaiKple sho"^ in Figuro 1 ligjit 120 is emitted Ihrougti transparent anode 104 
and substrate 102 and such devices are refenred to as 'bottom emitters*'. Devices whic^ 
^it tbarou^ the cathode may also be constructed, for example by keeping the thickness 




of cathode kyer 1 10 less i&im aroujad 50-100 nm so that the cathode is substantially 
txansparenL 



Organic LEDs jxmy be deposited on a substrate in a matrix of pixels to form a single or 
mutti-coioixr pixellalied display* A multicoloured display maybe oonstructed uaing 
giroup$ of red, green, and blue emitting pixels. In such displays the individual elemisnts 
are generally addressed by activating row (or column) lines to select the pixels, and 
rows (or columns) of pixels are written to, to create a display It will be appreciated that 
's^fh $uch au aixangement it is de^^iable to have a memory element associated virith each 
pixel $0 that ttxe data ^tten to a pixel is retained whilst, other pixels are addressed. 
Generally this is achieved by a storage capacitor which stores a voltage set on a gale of 
4 driver transistor. Such devices are refeiied to as active matrix displays and examples 
of polymer and small-raolecide active matrix display drivers can be found in WO 
99/42983 and BP 0 J17,446A respectively, 

. Jt is usual to provide a current-controlled rather than a voltage-controlled drive to aai ^ ^ 
OLED because the brightness of an OLBD is determined by (he current flowing Ihrou^ 
the device, tMs determining the number of photons it gene^^^ In a voItage-controUed 
G^nfiguralion the brightness can vaiy across &e area of a display and with ttme» 
teaxpeasture^ and age, making it difiScult to predict how bright a pixel will appear whon 
driven by a given voltage. In a colour display the accuntcy of colour representations 
may also be aifectedL 

Figure 2a shows an example of a cuirent-coaboUed pixel driver circuit 220 in which the 
cuixmt through an OLED 216 is set by using a reference current sink 220 to sat a drain 
source current for OLED driver transistor 212 (which in fiiis example also flows 
through a switching transistor 2 J4), The circuit memorises the driver transistof gat© 
voltage required for tius dram-source current with c^aoitor 218. Thus the brighfness of 
OLED 216 is determined by the cmteat, Icii, flowing into adjustable refear«icc current 
Siiifc 220* which is set as desired for the pixel being addiessed. One current sink 220 is 
piovided for each column data line, la the illustrated circuit all the transistors are 

* 

PMOS (although NMOS transistors may afeo be used) and thus fiie source connections 
are towards GND and V^i is negative. 
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Figure 2h ahows a display driver fiw an active matrix display 202. In Hgure 2b the 
active matrix display 202 has a plurality of row electrodes 204a-e and a plurality of 
. column electrodes 208are each connecting to internal respective row and colrann lines 
206, 210 (fi» clarity, only two ai© shown). Power (V^t) and ground connectioiis are 
provided to provide power to the pixels of the display. A pixel 200 is connected te the 
Vss, ground, row and column lines. In piacdce a plxirality of pixels is provided 
generally, but not necessarily, arranged in a rectangular grid and addressed by row and 
column electrodes 204, 20S. The active matrix pixel 200 ms^ couflprise any 
conventional active matrix pixel driver circuit, such as the circuit of Figure 2a. 

The row and column eiecHodes 204, 208 are driven by row and column drivers 230, 234 
coniiolkd by display drive logic 246. As iUustrated each colwmn cJectiode is driven by 
an adjustable constant current generator 240. in turn controlled by a data omput 236 
ftom display device logic 246. (for clarity only one is shown). In a. voltage-owitrolled 
<fisplay voltage rather than current drivers may be eanployed. 

Jix operation each row of active matrix display 202 is selected in turn using row 
electrodes 804 and, &r each row, the brightness of each pixel in a row is set by driving 
column electrodes 208 with brightness data comprising eithcar a cunrait or a voltage. 
The active matrix pixels inCludiDg a memory element, geneially a capacitOT, to keep a 
row ilimninated even when not selected and thus onoe data has been written to the 
display, it only need* to b9 Updated with changes to the pixels. Power to the display is 
provided by a battery 224 and power supply imit 222 to provide a regulated Vk output 

228. 

There are many types of OLED pixd driver circuit, for sample the improved pixel 
driver circuits des^bed in the Applicant's UK pafeait appticatton 032,38 1,643 . 
However for the purposes of the following discussion, to illustrate problems common to 
these driving aixangemepts, and also to voltage-contiolled driver circuits, the simpHfied 
circuit model of figure 3a is Knployed. 



009:5250 :m:~:^m&^^M^ 




Rjefetring to figure Sa, this shows one pixel 300 of an active matrix colour OLED 
display and its associated drive circuitry. This is reproduced for each pixel of the 
display. The pixel comprises three sub-pixels b, c emitting in the reds gieejcm aad 
blue portioBS of tJie visible specfrum respectively. Each sub-pixel comprises an OLED 
302a, b, c and an associated drive transistor 304a, b, c, typicaJly a thin film transistor; 
the remainder of the sub-pixel addressing and drive circuitiy is not shown. Each of the 
three sttb-pixels and their associated driver transistors are connected between common 
supply (in this case, V^) and ground lines. In gejieral fliese are commeoi for all the 
pixels of an active matrix display. 

* 

Figure 3b shows a view firom above of a display face of an active matrix colour di^lay 
310 comprising a plurality of pixels 300 and figure 3c shows an enlargement of figure 
3b showing details of a single pixel 300. In this example the red, green* and blue 
OLEDs 302a, b, c of the sub'-pixels 300 a, b, e are formed as three adjacent vertical 
stripes but it will be appreciated that many other geometncal configurations are 
possible. Broadly speaking in cross section the display is similar to that showci in fij^ire 
1 but includes m additional semi-conductor layer or lay^s immediately adjaceiQt the 
glass substrate in which the drivsr circuitry is formed. 

For simplicity in figure 3c the driver circuitry has been omitted although^ in practice, 
Ihis occupies a portion of the area of each pixel. An aperture ratio may be defined as 
the actjive area of the pixel (or sub-pixeT) divided by Ihe total available pixel area. Thus 
in a colour display aperture xatios are generally defined such that the sum of the aperture 
ratio of each sub-pixel equals the total ^erture ratio. 

Referdxig again to figure 3a, the eificiency of the pixelj, that is of the OLED and driver 
combination, is detearmined by the Intrinsic efficiency of the OLED, usually measured in 
candelas per amp (cd/A) and by the losses in the OLED drive transistors. These are 
preferably operated in saturation^ and the power supply voltage (hi the above example^ 
Vk) is chosCT such that when di^s voltage drop across tbe driver transistca: is tak^ into 
account the power supply is just sufSlcient to drive OLHD at the maximum desired 
brightness. However in a simitar way to a conventional silicon diode once a *tum-on' 
voltage has been reached only a small additional inorc^^e in voltag^^ causes a rapid 
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increase in current tfaiou^ flie device so that a drive voltage of an OLED only varies a 
little wjith tbe cmrent through the device and msy be considered to be approxiixiately 
constant. (This is why the drivers in an active matrix pixel such as pixel 300 of figure 
3a generally provide a controlled cuzr^t source or smk.) 

The configuradoxk of flgate 3« is conv^mt but a prablem arises when the led, green 
mi blue OLED6 302a, b, o have veary different drive voltages. This can occur whesi all 
Ihree OLEDs are ftbricated ftom ligbt emitting polymer, whoi fhe blue voltage in 
paiticukr tmis to be significantly hisheir than the xed voltage. However the problem is 
particularly acute.lvhen different classes of matexial are eix^loyed &r die differant 
colour OLEDs, Thus small-molecule OLEDs tend to require a signifioaDtly higher 
drive voltage than light emitting polymer (LEP>based devices* In particular, 
phosphoi^escent light emitting small tnolecules tend to have a slgoificantly greater 
intrinsic efficiency than polymer OLEDs but also t&id to require a higher ddVd VOltagOt 
An example of iridium phenylpyridine phosphorescent complexes is described in Veiy 
high-efficiency green organic ligbt-emitting devices based <m electrophosphoiesc^oe" 
M. A. Baldo, S. Lamansky, P- E. Burrows, M. E, Thompson, and S. R, Forrest Applied 
Physics L^ers Vol 75(1) pp. 4-6. July 5» 19SW- 

A gceen emitting phosphorescent-based OLED may exhibit a maximum ef&ci^cy oi^ 
say, 55 cd/A; a blue LEP-based ftuorescent OL&D may have an efficiency of oxdy 
around 12 cd/A. These variations in efficiency m part arise firom flae mode of light 
emission, fhat is wheth^ this is primarily fluorescence which relies on sinjglet exciton^ 
or primarily phosphozescence which additionally utilises triplet excitons leading to 
increased efSciency. 

Li^t emitting dendrimers comprise a further class of light emitting materials. light 
emitting dendrimers con«)rise a light emitting core suirousnded by brandied molecular 
chains teamed dendrons. A particularly useful class of phosphorescent li^t emittmg 
demdrimere is disclosed in WO02/066552* 

To create an increased efficiency OLED display it is desireable to be able to combme 
OLEDs fabricated from difierent classes of material, such as a dendritio phosphorescent 




green emitter, a polymer-based blue eacoitter, and a dendritic pibosphoresoent cur polymer- 
based led emitter. However althou^ deadritic phosphoresc«jt matedaJs are more 
efifidrat awn fkiorescetit systems <both polymers and anall molecules), whra they ai« 
combinBd with fluoresceint mataaais in a display the oveiall higher drive voltage 
requhed, and hrace increased driver Iobbes as described furlheir below, makes fhe 
overall display less efBcJent. For example a greea dendritic phosphonacent emitter 
requires a drive volta^ of ^proximately 7 volts and with, say, four volts dropped 
across a drive transistor in saturation this dickies a n^lWrnim sui^ly voltage of 
^proximately 1 1 volts. However (he drive voltage of bUie and red LEP-based devices 
might only be. say, four volts and three volts respectively. Thus in Has example there is 
a power loss in the blue sub-pixel of three volts times the drive cunmt and in the red 
sab-pixel four volts times the drive ottd^ot 



Ihe pres^ invention seeks to aUeviate fhe above mentioned difSculties which arise in 
displays such as colour displays in which sub-pixeils febrioated &om difFerent types of 

OLED material, for example to emit at different wavelengths, require difFerent drive 

voltages, dtus reducing the overall efSdency of the display. 

JP2000-0896fiH describes the series connection of OLEDs to improve power 
consumption but does not address the problems which arise where light emitting 
molecules having substantially different drive voltages are used in a display. 
JP2000-029404 also describes the series connection of organic electioluminescent 
elements, but to reduce the hnpact of a short withm an element (which would o&erwise 
cause a pixel to go dark) rathedr thaa in conneotion whh the above described problem. 

Accordmg to a first aspect of <he preseat invrajtion there Is therefore provided an 
organic light anittmg diode (OLED) display device, the display device having a 
plurality of pixels each comprising at least two sub-pixeb of different types, a first sub- 
pixel type comprismg an OLED device mcludmg a &8t type of OiaD material and a 
second sub-pixel type comprising an OLED device including a second type of OLED 
material, and whaein at least one of said Erst and second types of sub-pixel comprises a 
plurality of series-oonnected OL^ devices. 
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Coimecting the OUBD devices of at least one of the two types of sub-pixel m secies 
allows the drive voltages of tho OLEDs of the sub-pixels to be better balanced, thiis 
reducing losses in the driver for tho pixel taken as a whole. Typically the display is a 
multi-colour display device and the first and second types of OLED material have 
eoussion peaks at different wavelengths so HnA the sub-pixels comprise, for example, 
red and/or green and/or blue SUb-^pixels. Xhe selection of wMch sub-pixels to connect in 
sedes moy be determined by tiie dd ve voltage of the matmals ftom which the OlMDs 
of the sub-pixels are &bric&ted. Thus where the fiir$t type of OLED material has a 
lower drive voltage than the second type of OLED material the first types of sub-pixel 
maycomprises6ries-<»mected OLED devices. Although separate drive lines to each 
sub-pixet could be employed preferably a pixel has a common power supply line (and 
preferably a common ground line) for supplying power to the at least two sub-pixels; 
typically common power and ground lines are provided for all the pixels of the display. 
In a typical configuration each sub-pixel 1^ an associated drive transistor, for example 
to provide a curr^ait drive to the sub-pixel, connected between the one or more OLED 
devices of the sub-pixel and/or the (common) pixel power supply line, 

in a pref^ed embodim^t a pixel comprises three sub-pixels of differeat types, that is 
preferably having different peak emission wavelengths, to provide a colour display. 
Thus the display may comprijse a titiird sub-pixel lype including a third type of OLED 
ma]tedal, and in this case at least two of the sub-pixel types may cotapicise a plurality of 
seriesH^onnected OLED devices. Prefmbly the series connected devices of any one 
sub-pixel have substantially the same light-emissive area a$ one other. In this way a 
given sub-pixel light emittb^ area may have substantialiy tibe smie light output whethear 
or not series-connected devices are employed, thus simplifying desi^ of the display 
device (althoujgh in some embodiments series-connected devices of dififerent areas may 
be employed). The light emitting areas of the two (or three) types of sub-pixe) may, 
howevsr, be different For example red sub-pixels may be smaller tban green or blue 
siib-pixels because g^eeo^lue emissive materials trad to have shortea: lifetimes than red- 
emissive materials so that by shrinking the red-emitting area and driving red sub-pixels 
harder substantially the same amomit of perceived red brightness may be achieved 
whilst providing a finer pixel pitch and/or balancing sub-pixel lifetimes. 




Tho first type of OX£D mat^al may comprise a fluorescent: material and the second 
type of OLED material a pliosphoresc^mt OLED matexial. In flnothor arrangement the 
first type of OLED material may comprisd a poljraier material and tiie second type of 
OLED material a dendrimer-based or small-molecule based material. 



The invention furttier provides an active matrix colour display incorporating th& above- 
described OLED display device. 

In a fiirther aspect the invention provides a colour active matrix OLED diBplay having a 
plurality of pixels, eacli pixel comprising a red, green and blue $ub-pixel powered finom 
a connnon supply line and having an associated sub-]>ixel driver transistor, at least one 
of said red, green and blue siib-pixels compiiaing two or more series connected oxsanic 
light emitting diodes (OLEDs). 

Pre&fably tibe power teqnirementB of said rad^ green and blue sub-pixels are balanced 
snch that a power requirement of a said pixel including said associated sub-pixel diiv^ 
transistors^ with said red, green and blue sub-pixels ill uxrunated» is less than a power 
requircsment a said pixel would have for substantially the same perceived br^tness 
were none of said sub-pixels to comprise series-connected OLEDs. 

The invention also provides a method of designing an organic light eroitting diode 
(OLED) display de\nice, Ihe display device having a plurality of pixels each comprising 
at least two sub-pixels of differmt types, a first sub-pixel type comprising an OLED 
device including a first type of OLED matadal and a second sub-pixel type comprising 
an OLED device mcluding a second type of OLED material^ and wherem at least one of 
said first and second types of sub-pixel comprises a plurality of series-oonoeoted OLED 
devices, the method comprising selecting whether said first and second types of sub- 
pixel comprise series-connected OLED devices dependent upon a drive voltage for a 
said OLED device of a said sub-pixel. 

These and other aspects of the present invention wiU now be furflier described, by way 
of example only^ with refersnce to the accompanying figures in which: 
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Figure 1 shows a basic OLED structure; 

Figures 2a and 2b show, respectively, a oulTen^coat»Ued OUBD driver drcwit and an 
active matrix OLED display and driver; 

Figures Sato 3c show, rcspwtiivdy, a circuit model of apixel of a colour active matrix 
f^TRn display* a front view of a colour OLED display, and an enlarged view of a pixel 
of tiJie display of figuie 3b; 

Kgare 4 shows a circuit model of a pixel of a colour active mafiix OLED display m 
accordance with aa embodiment of the present inveolion; 

Figates 5a and 5b illustrate power losses for the circuit models of figures 3a and 4 
respectively; and 

Figure 6 shows a portion of a colour active matrix OLED display showing a 
li^t-emitting fece of a pixel febricated accarding to die circuit model of figure 4. 

Reffiaxing to figure 4, this Shows a circuit model 400 of a pixel of a colour active matrix 
OLED di^lay in which a red sub-pixel 402a employs a red-emitting phosphorescent 
dendrimer-based OLED material with a drive voltage of appioximatdy three volts, a 
green sub-pixel 402b employs a green-eraitting phosphoiesceart demtetmer-bastsd OLBD 
material with a drive volt^e of proximately seven volts, and a blue sub-pixel 402o 
employs a bluc-Bmitting fluoresc«il polymer-based OLED material with a drive voltage 
of approximately Sm volte. Each sub-pixel 402a, b, c has a respective associated drive 
transistor 404a, b, o, as desraibed above wi& reference to figure 3a, for providing a 
controlled cuirent drive for each sub-pixel. Sub-pixel 402a comprises a pair of Ksd- 
emitting series connected OLED devices 402aa, 402ab and, likewise sub-^ixel 402c 
comprises a pair of blue-emitting series-ooimBCted OLED devices 402ca» 402cb. The 
total emifisivo area of devices 402aa, 402ab and of devices 402oa, 402cb preferably 
ooirespoaids to the light emitting area which would have been employed were series- 
connected devices not ranployed, that is as shown in figure 3a (provided that the same 
total light output as for the figure 3a arrangement is desired). 
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Each of the series-coimected devices 402aa, 402ab, 4€2ca, 402cb requires a foil drive 
voltage across it for fiill iUuminalioii and thus JSsr » saries-connected OLED devices a 
drive voltage of bV^iSv^ is required, where Vaiw is the ^ve voltage for 0J» of tiie 
devices. However the cuirfflit required ibr a gjven 1^ output is reduced by a factor » 
(which can be under^ocxi by agyineciadng that a single electron passing throu^ say two 
series-connected devices gi^erntes two photons rather than one). Thus the total power 
drawn by iiie $eiiesH::omiected devices for the same light output, substantiaUy 
unchanged. 

Merely connecting two OLBD devici^ in series provides some power saving. This can 
be seen by considering the example of a. r&d-emitdng device with a drive voltage of 
three volts» controlled by a thin &lm drive transistor which drops approximately four 
votts. For this case approximately 57% of the power is dissipated in the drive transistor, 
but if two red-emitting devices are connected in series so that the total drive voltage is 
six volts then only 40% of the total power is dissipated in the drive transistor (which 
stiO drops 4 volts), and wilh four series connected devices (12 volts drive voltage) only 
25% of the power is dissipated in the drive tiansistor. Howev^ fuifher savings can be 
achieved for a colour display by balancing the drive voltages required for the individual 
sub-pixels. 

Figures 5a and 5b illustrate power losses for the circuit models of figures 3a and 4 
respectively. Each of figures Sa and 5b depicts ffaree bats 500» 5I0» 520 and S50» 560, 
S70y which represent power dissipation in the red^ greoa,. and blue sub^ixels 
respectively. For simplidty we assume ths same cunemt density, J, in each sub-pixel 
but since current flows between top and bottom electrodes of an OLBD device, when 
the lateral, ligjbit-eniitting area is» say» halved the current through the device is also 
halved. In Figures 5a and 5b the current though a sub-pixel is represeinted by the width 
of a bar so that it can be seen that for the red and blue sub-pixels the current for Figures 

4/5b is halved as compared with the configaration ctpreseixted by Figures 3a/5a. 

&x Figure 5a» the cunmt in each sub-pixel is 1^ the total supply voltage is 1 1 volts, and 
for each, of the sub-pixels (4 volts).! is dissipated in the thin film drive transistor (VtftX 
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as indicated by dashed line 530 (md similarly by dashed line 5S0 in figure 5b). In tbe 
green suVpixel of figure Sa there is no additional wasted power but in the red sub-pix^^J 
there i$ 4.1 additional wasted power^ and in the blue sub-pixel 3.1 additional wasted 
power^ making a totaj of 7.1 additional wasted power. By contrast in figure 5b the 
supply voltage is 12 volts and in the bluo sub-pixel (bar S70) theote is no additional 
wasted power, in the greeai snb-pixi^ there is IJ additional wasted pow^, and in tibe red 
sub-pixel 2.{]^ additional wasted pow^> makmg a total of 2 J additional wasted power 
for substantiaUy the same light output There is also only S J power dissipation in the 
driver transistors, as compared with 12 J for Figure 5a, 

• • • 

Consid^ ano&er example as ^own in Table 1 » below. This relates to a 250 od/m^ 
display (before an oal^ut cireuLar polariser) widi d total j^ertin^ ratio of 40%> oqtually 
shared between red, green and blue sub-pixels. For the OLED materials of table 1 a red 
sub-pixel has a drive voltage of 3.6 volts^ a greea sub-pixel a drive voltage of 4.2 volts 
and a blue sub-pixel a drive voltage of 5.15 volts* The efficiencies of the red, green and 
blue sub-pbcels, in candelas per amp at the drive voltage^ are given in the second row of 
the table (this varies only slowly with the drive voltage). The third row of the table 
&Y0^ ^ drive ouirent density, Jd, for the pixels in amps per metre squared^ and the 
bottom row of the table shows the perceived brightness (in a given viewing direction) of 
Ike sub-pixels in canddas per metre squared* In this example we will assume that die 
driver transistor comphance and other power supply losses require a power supply 
voltage overhead of +1 volt so that the power supply voltage must be at least 6. 15 volts 
to effectively drive the blue sub-pixels. The totaj power per irait area drawn by the 
display when all pixels are on (that is all sub-pixels are fidly illuminated) is given by the 
si^jply voltage muMplied by the current density &r each pixel, mtdtiplied by flie 
aperture ratio* In tihe example of table 1 the total power per unit ar^ is given by 

Total pow«: (lSl-^98.5+72.5)*<5.15+l,0)*(0-4/3) 



that is approximately 260Wm^ or 16W for a typical 14 imh diagonal display 
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fix the above example if, with the same RGB materials, two devices in series are used 
for the greca and blue sub-pixels and three for the red sub-pixel (because Hks drive 
voltage of the red material is so much lower) the configuxatLon atid parameters defined 
by table 2 below restilt 
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Table 2 



Assuming the same voltage overhead of +1.0 volts, the total power per unit area is now 
given by: 

Total power ^ C5(H49+36)*(IO*8+J,0)*(0.4/3) 

that is approximately 212W/m^ or approximately 13W for a typical 14 inch display, 
thus demonstratbig a smdl but signiOoant power paving. 

As well as the above described power savings the reduced drive cuzxent also egtiables 
smaller drive transistors to be employed, thus potentially increasing the aperture ratio of 
a display. Smaller drive currents may also reduce damage in the drive transistors thus 
increasing die lifetime of these devices. 

Figure 6 shows an enlarged view of a pixel 600 corresponding to the circuit model 400 
of figure 4. As can be seen the pixel comprises an adjacent pair of red-emittiag OLEDs 
402aa, 402ab, and an adjacent pair of blue-emitting OLEDs 402ca, 402cb, in addition to 

a single green-emittins device 402b (for simplicity the drive circuitry has been omitted). 
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It will be appreciated tiiat although devices 402aa> 402ab are adjacent one another they 
are oojftjxected in series so that the anode of one is connected to the cathode of the other. 
This jnay be accomplished by fonnuig patterned metallisation layers within the device, 
for example using the cathode metal. Such cathode layeis may be deposited by iidiysicaL 
vapour de^sition, using a first shadow mask for the calcium md a second shadow 
mask for the aluminium. Mutual electncal isolation of cathode lines may be improved 
by the use of cathode separators, that is a raised bank of material, such as pattexned 
photoresist* .between the cathode lines. Vias may be ibnned to connect the anode of one 
device to the cathode of another by selectively removing organic OLED material prim 
to deposition of a subseqvent (cathode metal) metallisation layer» Thi$ may be done by 
laser ablation, or by selective deposition of the organic material, for example u$ing an 
ink"jet based deposition process. 

The skilled p&son will appreciate that a series-'conneoted aub-pixel configuration fbr 
one or more sub-pixels of a pixelated, multicolour display may be employed &r both 
top-emitting displays (that ii^ displays which emit throu^ the cathode) and 
bottom-fitting displays (that is displays which emit through the anode). 

Although embodim^^ of the invention have been described with reference to active 
matrix displays, aspects of the invention also have applications in passive matrix 
displays where the drive circuitiy is separate from the display rather than alongside caoh 
(aub-)pixeL 

No doubt many other effective alternatives will occur to the skilled person and it will be 
understood that the invention is not limited to the described embodiments and 

encompasses modifications apparent to those skilled in the art lying within the spirit and 

scope of the claims appended hereto. 



! 




CLAIMS: 



1. An organic ligjit emitting diode (OLED) dispLay devic^^ tbe display device 
having a plurality of pixels each comprising at least two sub-pixels of dififerent tjyes, a 
first sub-pixel type comprising an OLED device including a first type of OLED material 
and a second sub-pixel type comprising an OLED device including a second type of 
OLED material, and wheidn at least one of said first and second types of sub-pixel 
ccmiprises a plurality of series-connected OLED devices, 

2. An OLEX> display device as claimed in claim 1 wherein a said pixel has » 
common power supply lime fcr supplying power to said at least two sub-pixels. 

3- An OLED display device as claimed in claim 2 whe^n an OLED device 
including said first type of OLED material has a low« drive voltage than an OLBD 
device iiacluding said second type of OLED material, and wherein at least said first type 
of subipixd comprises series connected devices. 

4. Aa OLED display device as claimed in any preceding ctfdm wherein each of 
said plurality of series connected devices hag ssubstaniially ihs same li^t einissrv« area. 

5. An OLBD display device as claimed in any preceding claim wherein said fiist 
and second types of OLED material have dififeient peak emission wavel^ihs. 

6. An OLED display device as claimed in any precedii^ clann wherein a said pixel 
comprises three sub-pixels of diflEerent types, a said pixel inoluding a thiid sub-pixel 
type comprising an OUSD device including a thiixl type of OLED materiaL 

7. An OLED disphiy device as claimed in claim 6 whetdn at least two of said sub- 
pixel types comprise a plurality of series-connected OLED devices. 

8. An OLED display device as claimed in any preceding claim forther oompiiaing 
a drive transistor associated with each sub-pixel. 
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9. An OLED display device as claimed in olaira 1 or 2 wherein a series-connection 
configuration of OLED devices of said fust and second sub-pixel types is deteamiaed by 
a supply or operating voltage for which the display device is designed, 

10, An OLED display device as cUirn^d in any one of claims 1 to 9 whei?ein said 
first type of OUED material comprises a fluorescent materiaL 

11. An OLED display device as claimed in claim 10 wherein said second lype of 
OLED material comprises a phosphorescent OLED nwtmal- 

12. An OLED display device as claimed in any one of claims I to 9 wherdn said 
jSist type of OLED material comprises a polymer materiaL 

13, An OLED display device as claimed in claim 12 wherein said second type of 
OLED material comprises a dendrimer OLED material or small molecule OLED 
material. 

14, An active matrix colour display mcoipoKating the dii^lay device of any 
preceding claim* 

15- A colour active matrix OLED display having a plurality of pixels, eadi pixel 
comprising a red, green and blue sub-pixel powered ftom a common supply line and 
having an associated sub-pixel driver transistor, at least one of said red, green and blue 
suth-pixels comprising two or more series connected osiganic light fitting diodes 
(OLEDs). 

16. A colour active matriat OLED display as claimed in claim 1 5 wherein power 
requirements of said red, green and blue sub-pixels are balanced such that a power 
requirement of a said pixel including said associated sub-pixel driver transistors, with 
said red, gieen and blue sub-pixels illuminated, is less than a power requirement a said 
pixel would have for substantially the same perceived brightness were none of said sub- 
pixels to comprise series-conaected OLEDs. 
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17. A method of designing an organic Ugbt samitting diode (OLED) display device, 
the display device having a plurality of pixels each ccnnpdsing at Ifiast two sub-pixels of 
different types, a firet sab-l»ixel type comprising an OI^ device inchidini^ a first type 
of OLED material and a second sub-ixixel type comprisdog an OLED device including a 
second type of OLED material* and wherein at least one of said first and second types of 
sub-pixel comprises a plurality of series-connected OLED devices, ths radiiod 
conq»ridt)iS selecting whether said first and second types of sub-pixel comprise seties- 
ooDnected OLED devices dependent upon a drive voUage for a said OLQD device of a 
said sub-pixel. 
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ABSTRA.CT: 



Display Device 



Thfe invention relates to improved org^ic light emitting diode (OLED) display devices, 
and in pardculdr to increased efficiency colour display devices. 

An organic light ^tting diode (OLED) display device is described, the display device 
having a plurality of pixels each comprising at least two sub-pucels of difTerent types, a 
first snb-pixel type comprising an OLED device including a first type of OLED matedal 
^md a second sub-pixel type compiising an OLED device including a second type of 
OLED material, and whereui at least one of said first and second types of sub-pixel 
comprises a plurality of series-connected OLED devices. 

Employing series-connected sub-pixels where diJflkent types of OLED material are 
used for a display such as a colour, active matrix OLBD display facilitates balancing 
sub-pixel drive volta^s and hence enables the production of display devices wilh 
improved efficiency. 

Figuit»4. 
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